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cense.Abstract Background: The sensitization and exposure to fungal allergens have been reported to
be associated with asthma. The importance of Aspergillus fumigatus (AF) sensitization and coloni-
zation of the airways in patients with asthma is unclear.
Objectives: To clarify the effect of sensitization and airways colonization of AF on lung function
and airways inﬂammation in asthma.
Methods: We studied 66 patients with asthma. Patients were classiﬁed into two groups according
to AF sensitization: (1) AF-sensitized (immediate cutaneous reactivity >3 mm); and (2) AF-
nonsensitized. A positive sputum culture for AF conﬁrmed airways colonization by AF. Routine
spirometry was performed for all patients. Airways inﬂammation was assessed by sputum differen-
tial inﬂammatory cell count.
Results: Asthma duration was signiﬁcantly longer in AF-sensitized asthmatics. Signiﬁcantly
higher rates of positive AF-culture were detected in sputum from AF-sensitized asthmatics
(63%) in comparison to AF-nonsensitized asthmatics (31%). FEV1 and FEV1/FVC were more
reduced in AF-sensitized asthmatics in comparison to AF-nonsensitized asthmatics. Sputum neu-
trophils count was signiﬁcantly higher in AF-sensitized asthmatics in comparison to AF-nonsensi-
tized asthmatics. Sputum eosinophils did not differ between AF-sensitized and AF-nonsensitized
asthma groups, concordant with peripheral blood eosinophils, which did not differ signiﬁcantly
between groups. Multilinear regression analysis predicting FEV1 % showed that AF sensitization
and sputum neutrophil count were the most important predictors of FEV1 (p= 0.016 for both),
followed by positive sputum culture for AF and sputum eosinophil count (p= 0.024 and 0.046
respectively). (p= 0.105).
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244 A.E. Mansour et al.Conclusions: AF detection in sputum is associated with AF-sensitization, neutrophilic airway
inﬂammation, and reduced lung function. This supports the concept that development of ﬁxed air-
ﬂow obstruction in asthma is consequent upon the damaging effects of airway colonization with AF.
ª 2012 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.AIntroduction
The sensitization and exposure to fungal allergens such as
Aspergillus, Alternaria, Penicillium, Cladosporium, and Tricho-
phyton have been reported to be associated with asthma exac-
erbations and severity [1], and the frequency of exacerbations,
treatment requirements, and admission to intensive care for
asthma has been found to be associated with skin-test reactiv-
ity to one or more fungi [2].
Aspergillus spp. is ubiquitous within the indoor and out-
door environment, particularly in soil, decaying vegetation,
and water-damaged building materials [3]. Inhalation of Asper-
gillus fumigatus (AF) spores can lead to airways colonization,
recurrent airway inﬂammation, bronchial obstruction, mucoid
impaction and proximal bronchiectasis with the development
of allergic bronchopulmonary aspergillosis (ABPA) [4]. Aller-
gic bronchopulmonary aspergillosis is the commonest form
of allergic bronchopulmonary mycosis [5]. The term severe
asthma associated with fungal sensitization (SAFS) was used
to illustrate the high rate of fungal sensitivity in patients with
persistent severe asthma (after exclusion of ABPA) and
improvement with antifungal treatment [5]. However; the
immunopathology of ABPA and SAFS is incompletely under-
stood. Therefore; the aim of this study was to clarify the im-
pact of sensitization and colonization of AF on lung
functions and airways inﬂammation in asthmatics after exclu-
sion of ABPA.
Methods
Subjects
Patients with stable asthma who had not been treated with
maintenance oral corticosteroids were recruited. Inclusion re-
quired at least 12% improvement in FEV1 15 min after
200 lg inhaled salbutamol. Exclusion criteria included respira-
tory disorders other than asthma, radiological evidence of
bronchiectasis, smoking and comorbidities.
Spirometry
Spirometry was performed using a computed spirometer (Jae-
ger, Germany). Spirometry was performed three times and the
best effort of FEV1 was recorded. Reversibility was measured
as change in FEV1 15 min after 200 lg inhaled salbutamol.
Radiological examination
High-resolution computed tomography of the chest was per-
formed. Crosssectional images were obtained using settings
of 1-mm collimation at 10-mm intervals in full inspiration.
Bronchiectasis was deemed to be present if there was bronchial
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TRdilatation (internal bronchial diameter greater than the accom-
panying pulmonary artery).
Skin prick test
Sensitization to AF was assessed using skin prick test (SPT).
The development of a wheal >3 mm in diameter indicates a
positive test. SPTs and speciﬁc serum IgE tests are used to
determine sensitization to various fungi [6]. We assessed ‘‘sen-
sitization’’ solely on the basis of SPT results, which were re-
ported to be more sensitive than serum speciﬁc IgE tests to
diagnose allergic sensitization in subjects with asthma or
rhinitis [7].
Sputum examination
Sputum plugs were separated from saliva and divided into two
parts. The ﬁrst part was used for cytospins for a differential
inﬂammatory cell count [8]. The second part was used for
mycological culture. Undiluted sputum plugs were digested
in equal volumes of 0.1% dithiothreitol then inoculated on
Sabouraud agar containing 16 mg/ml chloramphenicol, 4 mg/
ml gentamicin, and 5 mg/ml ﬂuconazole. All plates were incu-
bated at 37 C and inspected frequently for up to 7 days. Sub-
cultures of ﬁlamentous fungi were produced and AF colonies
identiﬁed based on criteria for macroscopic morphology of
colonies [9].
Statistical analysis
Data were analyzed with the Statistical Package for Social Sci-
ences (SPSS, Chicago, IL). Quantitative data were presented in
the form of mean ± standard error of mean. Qualitative data
were presented in the form of numbers and percentages. Chi-
square test was used to test differences of qualitative data.
The quantitative data were tested by using student’s t-test. A
multilinear regression model was performed using the enter
method for prediction of FEV1%. A p value <0.05 was con-
sidered signiﬁcant.
Results
Aspergillus fumigatus sensitization
According to the results of the cutaneous reactivity to AF, pa-
tients were divided into two groups: (i) AF-sensitized asthma
(positive SPT) (ii) AF-nonsensitized asthma (negative SPT).
The numbers of patients recruited to each group and their clin-
ical characteristics are shown in Table 1. There were no signif-
icant differences in sex and age between groups. However;
asthma duration was signiﬁcantly longer in AF-sensitized
asthmatics.
CT
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Signiﬁcantly higher rates of positive AF-culture were detected
in sputum from AF-sensitized asthmatics (63%) in comparison
to AF-nonsensitized asthmatics (31%) (Table 1).
Spirometry
FEV1 and FEV1/FVC were more reduced in AF-sensitized
asthmatics in comparison to AF-nonsensitized asthmatics
(Table 1).
Airway inﬂammation
Sputum neutrophils count was signiﬁcantly higher in AF-sen-
sitized asthmatics in comparison to AF-nonsensitized asthmat-
ics (Table 1). Sputum eosinophils did not differ between AF-
sensitized and AF-nonsensitized asthma groups, concordant
with peripheral blood eosinophils, which did not differ signif-
icantly between groups (Table 1).
Multilinear regression analysis predicting FEV1%
AF sensitization and sputum neutrophil count were the most
important predictors of FEV1 in the model (p= 0.016 for
both), followed by positive sputum culture for AF and sputum
eosinophil count (p= 0.024 and 0.046 respectively). Duration
of asthma did not signiﬁcantly affect the clinical outcome in
the model (p= 0.105). ADiscussionA number of studies have associated fungal sensitization with
asthma severity [10–12], however, the relationship between
sensitization, colonization, lung function and airway inﬂam-
mation is poorly understood in the absence of ABPA. Our
data from patients without ABPA with asthma show an asso-
ciation between AF sensitization, colonization and reduced
lung function and enhanced airway inﬂammation.
A more severe reduction in FEV1 has been shown in asth-
matics with AF sensitization. The patients enrolled in this
study had stable asthma suggesting that the reduced FEV1 re-
ﬂects ﬁxed airﬂow obstruction; a common ﬁnding in asthma,
particularly in moderate to severe phenotypes where it affects
TR
Table 1 Study cohort characteristics.
Characteristics AF-sensitized asthma
(n= 40)
Male 19/40
Age 58 (4.9)
Asthma duration, yr 27 (12.3)
AF culture positive, n (%) 25 (62.5)
FEV1 68 (5)
FEV1/FVC 64 (3.9)
Sputum neutrophils (%) 80.9 (23.1)
Sputum eosinophils (%) 2.1 (0.6)
Blood eosinophil · 109 1.0 (0.5)
AF: Aspergillus fumigatus, NS: Nonsigniﬁcant.
REaround 23% of patients [13]. The cause of ﬁxed airﬂow
obstruction in asthma remains unknown, although it has been
related to neutrophilic airways inﬂammation [14,15]. It is
therefore of interest that we found airway neutrophils to be in-
creased in the sensitized asthma group. It is possible that sen-
sitization is related to long-term colonization of the airways in
asthma. This would be consistent with the observation that
AF-sensitized asthmatics had a longer duration of asthma, as
also shown previously [16]. We showed a clear association be-
tween asthma duration and AF sensitization, suggesting that
the longer the duration of asthma, the more likely AF sensiti-
zation will occur. It is possible that AF sensitization is, at least
in part, responsible for the development of ﬁxed airﬂow
obstruction in asthma, either as a result of the effects of its
many toxins on the bronchial mucosa, or through stimulating
a vigorous and persistent inﬂammatory reaction [17].
A key aim of this study was to determine the relationship
between colonization (as deﬁned by a positive sputum culture)
and AF sensitization. A positive sputum culture of AF was
strongly linked to AF sensitization. The relationship between
AF airways colonization, sensitization, and inﬂammation is
poorly understood. Isolation of Aspergillus spp. from respira-
tory samples has recently been shown to indicate colonization,
as opposed to infection [18]. Culture of AF in sputum was
highly predictive of AF sensitization, therefore it should be
considered in parallel with immunological measures of lung
function in asthma.
Sputum eosinophilia is a response normally regarded as a
hypersensitivity reaction to environmental antigens, whereas
a neutrophilic proﬁle usually suggests an infection [19]. Our
data show elevated levels of neutrophils in the sensitized asth-
matics in comparison to nonsensitized asthmatics, suggesting a
Th1- or Th17-mediated immune response. The multivariate
analysis also brought out a relationship between sputum neu-
trophilia and reduced FEV1.
In summary, we found a strong relationship between detec-
tion of AF in sputum and AF sensitization, in addition to a
strong inverse relationship between AF sensitization and re-
duced FEV1. Moreover, AF sensitization, airway inﬂamma-
tion, and AF culture from sputum can be used collectively to
model lung function inAF-sensitized asthmatics. Future studies
are necessary to assess the beneﬁt of antifungal agents in these
patients, particularly with regard to sputum culture indicating
airways colonization. AF being one of the environmental fungi
that has a potential role in enhancing asthma severity, careful
environmental management may help to prevent the develop-
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EDAF-nonsensitized asthma
(n= 26)
P value
11/26 NS
53 (2.6) NS
18 (10.5) <0.05
8 (30.8) <0.05
88 (5) <0.05
75 (2.5) <0.01
49.5 (19.7) <0.01
8.7 (0.9) NS
1.0 (0.7) NS
246 A.E. Mansour et al.ment of asthma, asthma symptoms, and asthma exacerbations
by either reducing or eradicating such antigen exposure.
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